The discovery of the stimulation of cell division in plant tissues by trace amounts of kinetin, 6-(2-furfuryl) aminopurine (11) , has resulted in a number of investigations concerned with the effects of this and related compounds on a variety of plant and animal systems (4, 5, 7, 9, 10, 12, 13) . One system, developed for study of the in situ effect of agents upon the maintenance of normal organization of cells in differentiated tissues, uses exposed tissues of planaria, a primitive invertebrate (7) . Exposure of tissues in the head region to certain of the 6-(substituted)-purines for a 6-hour interval initiated a permanent disorganization of tissue structure; but this response was initiated only when xanthine (or closely related compounds) were present simultaneously with the 6-(substituted)purines. This synergistic action suggested that in some biological systems 6-(substituted) -purines might act by influencing xanthine metabolism. For this reason a study has been made of the relationship of representative compounds to xanthine oxidase activity: specifically, A, the capacity of these 6-(substituted)purines themselves to serve as substrates for the enzyme; B, the inhibitory activity of these compounds upon the oxidation of oxypurine substrates by the enzyme; and C, the inhibitory activity of oxidation products of 6-(substituted)-purines. It was hoped that some correlation could be established between the nature of the substitution, the behavior of these compounds with xanthine oxidase in vitro, and the effects produced in (table II) . Thus, the 6-(monosubstituted) aminopurines, listed in table I, appear to be oxidized appreciably under conditions where the 6-(disubstituted) aminopurines, 6-(substituted) thiopurines, and 6-(substituted)oxypurines are not.
-II. Inhibition of Xanthine Oxidase by 6-(Substituted)purines. It has been found that a variety of 6-substituted)purines inhibit, although to a variable extent, the oxidation of xanthine to uric acid when they are added simultaneously with the substrate (table III) at concentrations giving I/S ratios of 2.5 or less. With some of the derivatives, irregularities in the kinetic patterns were noted, this being particularly true in the case of derivatives which are oxidized by the enzyme at appreciable rates-6-ethylaminopurine, 6-n-pentylaminopurine, kinetin, and 6-mercaptopurine. the enzyme (table IV) , but the inhibitory action of 6-(disubstituted) aminopurines and 6-(substituted) -thiopurines is not altered by preincubation with the enzyme. (Preincubation of the enzyme with the corresponding alkyl acids, amines, or alcohols does not affect its capacity for later catalyzing the oxidation of xanthine.) The preincubation studies suggest that the enzymatic oxidation products of 6-(substituted)aminopurines act as potent inhibitors of the enzyme which (table V) and B, initially to be potent inhibitors of xanthine in a xanthine oxidase system (fig 1). (It was not possible to test certain 2-hydroxy-derivatives having long side chains because they were only slightly soluble.) Among the compounds tested, the effectiveness of these 2-hydroxy-derivatives as inhibitors of xanthine oxidation varied inversely witlh their rate of oxidation by the enzyme. The effective inhibitory properties of these derivatives progressively diminished (eventually to less than 1/4 of the maximum value) when they were preincubated witlh xanthine oxidase, suggesting that the more completely oxidized products of 6-(substituted)purines, presumably the 2,8-dihydroxy derivatives, are not as effective inhibitors as the monohydroxy derivatives. 
Discussion
The data presented offer additional evidence for the unusually low order of specificity of xanthine oxidase towards purine substrates and inhibitors in vitro, a situation similar to the lack of specificity of substituted purines in kinetin-sensitive systems in vivo (4, 5, 7, 8, 9, 11, 12) . In the latter systems the alkylaminopurines generally have been found to elicit a maximum response at appreciably lower concentrations than the dialkylamino-, alkylthio-, or alkyloxypurine derivatives having the same number of carbon atoms in the hydrocarbon residues, and the homologues observed to be most effective at the lowest concentrations in many systems are the n-butyl-to n-hexyl-aminopurines. It is these homologues that are oxidized at the fastest rate in vitro by xanthine oxidase. Although the variation observed in the biological activity of the members of the homologous alkylaminopurine series is considerably greater (up to 2,000-fold) than can be accounted for on the basis of their relative action in refined oxidase systems, it is possible that the increased lipid character of the molecules, which results from the addition of longer hydrocarbon chains, may also facilitate their permeability into many types of living tissue.
The biological effects of 6-alkylaminopurines cannot be ascribed to action on desoxyribonucleic acid synthesis, for these analogues are practically inert when tested on rapidly proliferating cells (10) . The ability of xanthine oxidase to oxidize these alkylaminopurines and the ability of the intermediate oxi-dation products to interfere with the oxidation by this enzyme of normally occurring purines suggest that these derivatives are acting upon purine catabolism, an explanation offered for the fact that extracellular concentrations of xanthine must be present for 6-(substituted) aminopurines to bring about a teratogenic response in exposed planaria tissues (7) .
While plants are not known to accumulate uric acid, it is of interest that certain plants contain enzyme systems capable of degrading uric acid to metabolically utilizable components (14) . If one mechanism of action of kinetin and associated compounds is through their inhibitory effects on xanthine oxidase (or related flavoprotein enzymes), it may be that these compounds function in plant development by regulating conversions of purines. The correlations which can be made between chemical structure, enzymatic behavior, and biological effect upon developmental systems suggest that the regulation of biological purine pools by xanthine oxidase may play a key role in the regulation of cell division and differentiation as has been postulated by Bergel (2).
Summary
Xanthine oxidase has been found to oxidize a variety of 6-alkylaminopurines but not 6-alkylthio-, 6-alkyloxy-, and 6-dialkylamino-purine derivatives.
All four types of 6-(substituted)purines inhibit to a variable extent the oxidation of xanthine by refined preparations of this enzyme, but intermediate oxidation products formed from 6-alkylaminopurines by the action of xanthine oxidase are more potent inhibitors of the oxidation of xanthine by this enzyme than are the parent purines.
There is a significant correlation between the relative biological activity of 6-(substituted) purines in kinetin sensitive system and the effectiveness of these compounds as substrates and inhibitors of xanthine oxidase in vitro, or inhibitors alone.
It is postulated that one mechanism of action of kinetin and its analogues on biological systems is the regulation of the functioning of xanthine oxidase.
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